Objectives: During the period from December 2007 to November 2012, the epidemiology of diarrhea caused by Shigella was studied among children <5 years of age residing in Manhiça District, Southern Mozambique. Materials and methods: Children from 0 to 5 years with moderate-to-severe diarrhea (MSD) and less severe diarrhea (LSD) were enrolled along with matched controls (by age, gender, and neighborhood). Age-stratified logistic regression analyses were conducted to identify clinical features and risk factors associated with Shigella positivity in cases of diarrhea. The impact of antibiotic treatment was assessed for patients with known outcome. Results: A total of 916 cases of MSD and 1979 matched controls, and 431 cases of LSD with equal number of controls were enrolled. Shigella was identified as significant pathogen in both cases of MSD and LSD compared to their respective controls. Shigella was detected in 3.9% (17/431) of LSD compared to 0.5% (2/431) in controls (P=0.001) and in 6.1% (56/916) of MSD cases compared to 0.2% (4/1979) in controls (P<0.0001), with an attributable fraction of 8.55% (95% CI: 7.86-9.24) among children aged 12-23 months. Clinical symptoms associated to Shigella among MSD cases included dysentery, fever, and rectal prolapse. Water availability, giving stored water to child, washing hands before preparing baby's food, and mother as caretaker were the protective factors against acquiring diarrhea caused by Shigella. Antibiotic treatment on admission was associated with a positive children outcome. Conclusion: Shigella remains a common pathogen associated with childhood diarrhea in Mozambique, with dysentery being a significant clinical feature of shigellosis. Adherence to the basic hygiene rules and the use of antibiotic treatment could contribute to the prevention of most of diarrhea due to Shigella.
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Introduction
Diarrhea is the leading cause of mortality in children <5 years with its long-term impact on growth and cognitive development. 1 Although the burden is greater in low-income populations, acute infectious diarrhea is also a common cause of outpatient visits and hospital admissions in high-income regions and is an important health problem globally. 2 Associated risk factors for infection include poor living standards, overcrowding, inadequate sanitation, and poor hand hygiene. These factors may result in a significant disease burden and economic effect due to direct medical costs, loss of work, lower quality of life, and mortality. 
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The high burden of the disease is also associated with the wide range of recognized enteric pathogens such as virus, bacteria, and parasites that may cause diarrhea. 4 Among them, Shigella infections remain a global public health concern, in resource-limited countries where the disease may cause as many as 163 million episodes of diarrhea and over a million deaths annually with the majority (60%) occurring in children under 5. 5 Due to the high disease burden and endemicity of Shigella in resource-limited countries, the WHO has set the development of candidate vaccines against Shigella as priority. 6 Thus, considering the efficacy of Shigella vaccine, it is necessary to have reliable estimates of the burden and epidemiology of disease in targeted endemic areas, including age-specific incidence data and risk factors associated with Shigella infections.
Primarily, shigellosis is transmitted from person to person through the fecal-oral route, but it may also spread indirectly by fecal contamination of water or food. 7 Signs/symptoms of individuals who are infected with Shigella expand fever, painful bloody diarrhea, and stomach cramps. 8 WHO recommends that all episodes of diarrhea with blood in the stool must be treated with antibiotics. 9 Antimicrobial therapies reduce the period and intensity of disease symptoms, decrease excretion of bacteria, and prevent potentially lethal complications. Decreasing the bacterial load excreted by a child with dysentery also reduces the probability of fecal-oral transmission to close contacts, such as neighbors, friends, or members of the child's household. 10 In Mozambique, epidemiologic data on diarrhea caused by Shigella remain scarce and existing data are limited to few studies. 11, 12 Moreover, the contribution of Shigella to less severe diarrhea (LSD), the risk factors, and the impact of antibiotic treatment on patient outcome remain unknown. We hereby report the epidemiology of diarrhea due to Shigella among children <5 years of age enrolled between 2007 and 2012 in Manhiça district as part of the Global Enteric Multicenter Study.
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Materials and methods study area and population
The study was conducted by the Manhiça Health Research Centre (Centro de Investigação em Saúde de Manhiça -CISM) in Manhiça district, a rural area of Maputo province in southern Mozambique. The climate is subtropical with warm and rainy season from October to April and a fresh and dry season for the rest of the year. A round-the-clock morbidity surveillance system, covering pediatric inpatient and outpatient visits, was established in 1998 in the Manhiça District Hospital in a joint collaboration with CISM. Clinical data are routinely collected from all children under 15 years seeking health care. HIV infection is among the highest worldwide, with prevalence rates in women in childbearing age as high as 40% in the district.
14 Diarrhea is the third leading cause of hospital admission among children aged 0-14 years and the fourth cause of death in children from 12 to 59 months. 15 Additionally, since 1996, CISM has been running a Health Demographic Surveillance System (HDSS) for vital events and migrations in the population living within the study area covering approximately 95,000 inhabitants during the study period. In 2014, the study area was expanded to the whole district, and currently, 183,000 inhabitants are under DSS follow-up. Each person living within the DSS study area is issued a unique Permanent Identification Number that describes the geographic location, household number, and personal number within the household. A full description of the geographic and sociodemographic characteristics of the study community has been detailed elsewhere. 16 
study design
The present analysis is part of a prospective case-control study of diarrhea conducted in Manhiça district from December 2007 to November 2012 to estimate the burden and etiology of moderate-to-severe diarrhea (MSD) in children <5 years of age to guide future interventions. To assess the role of Shigella in LSD, cases of LSD were enrolled from November 3rd 2011 to November 2nd 2012. Age in months was stratified in three strata (0-11, 12-23, and 24-59). Clinical and epidemiologic data were collected over the study period. Cases of diarrhea included in the study corresponded to children <5 years of age living within the HDSS area presenting to Manhiça district hospital with symptoms of diarrhea, defined as three or more loose stools in the last 24 hours. Clinicians assessed each child with diarrhea for eligibility; to be included, the episode had to be new (onset after ≥7 diarrhea-free days), acute (onset within the previous 7 days), and fulfill at least one of the following criteria for MSD: sunken eyes (confirmed by parent or caretaker as more than normal); loss of skin turgor (abdominal skin pinch with slow [≤2 seconds] or very slow [≥2 seconds] recoil); intravenous hydration administered or prescribed; dysentery (visible blood in loose stools); or admission to hospital with diarrhea or dysentery. 17 For each child with diarrhea, one to three healthy control children (no story of diarrhea in the previous 7 days, matched by age, sex, and neighborhood) were randomly selected using the HDSS database and enrolled within 14 days of presentation of the corresponding index case. 
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Shigella-diarrhea in Mozambican children sample collection and laboratory analysis Fecal samples from cases were collected within 12 hours of registration of the diarrheal episode, and control samples within 14 days after case enrolment. Once collected, samples were kept in a cool box until processed. Each fecal specimen comprised a whole stool specimen (in screw top fecal specimen cups carried in Styrofoam boxes with cold packs), a fecal swab in Modified Cary Blair medium in a plastic screw top test tube, and a fecal swab in buffered glycerol saline in a screw top test tube. 13 Additionally, if antibiotics were to be given to patients before the production of stool sample, two rectal swabs were obtained for bacterial culture pending passage of the whole stool for the remaining assays. Stool samples were tested for the presence of bacterial, viral, and parasitic pathogens by culture, ELISA, and PCR as appropriate. 18 In the case of Shigella, species were identified by colonies morphology upon culturing in MacConkey and XLD followed by slide agglutination with specific antisera (Denka Seiken Co., Ltd., Tokyo, Japan).
Data analysis
The software for analysis was Stata/SE version 14.1 (STATA Corporation, College Station, TX, USA) and the package coxphf from R version 3.2.2. All analyses were stratified by age. The frequency of Shigella isolation was calculated dividing the number of Shigella positivity by the total number of children enrolled over the study period with known culture result for Shigella. The pathogenicity of Shigella was assessed comparing the isolation rate between cases of diarrhea and control group. Logistic regression models were used to evaluate associations. All models were estimated with the penalized likelihood according to the Firth's approach. 19, 20 Multivariable models were estimated by forward-stepwise selection from covariates with a P-value<0.20 in the crude models and no more than 5% of missing values. Significant levels for removal and addition in the multivariable models were 0.10 and 0.05, respectively, by Wald test. The association between MSD and Shigella was assessed at crude level for all pathogens and for Shigella adjusted for other significant pathogens and pairwise interactions between each one of them with Shigella. Analysis of sign/symptoms and sociodemographic factors associated with Shigella-MSD vs other types of MSD was performed among MSD cases. Interactions between significant covariates in the multivariable model were also assessed.
Ethical approval
The study is part of the Global Enteric Multi-Center Study (GEMS), which was approved by the Institutional Review Board at the University of Maryland School of Medicine, USA and the National Bioethics Committee for Health of Mozambique and Hospital Clinic, University of Barcelona, Spain. A written informed consent was obtained from children's mothers or caretakers for participation in the study.
Results
Shigella and association with diarrhea
During the study period, a total of 916 cases and 1979 controls for MSD (December 9, 2007 Table 2 .
clinical presentation
The clinical characteristics (signs and symptoms) of children infected with Shigella were compared with non-MSD Shigella using crude and multivariate analysis and presented in Table 3 . The odds of having Shigella infections were 
Risk factors
The role of different risk factors for MSD was age-dependent, although most of the studied socioeconomic or hygienic 
Impact of antibiotic treatment on patient outcome
The impact of antibiotic treatment on patient outcome was assessed among children with known outcome (Table 7) . Patient outcome was available for all of Shigella-diarrheal children while antibiotic treatment was administered in only 30.1% (22/73). The most administered antibiotics were ampicillin and gentamicin (12.3%; 9/73), followed by trimethoprim-sulfametoxazole (9.6%; 7/73), chloramphenicol (8.2%; 6/73), and nalidixic acid (6.9%; 5/73). Although high rates of resistance were found, patient improvement at discharge was much higher in children that received antibiotic treatment (63.0%; 17/27) compared to 37.0% (10/27), for those without any treatment (P<0.0001).
Discussion
In this prospective, case-control study, we demonstrated the association of Shigella spp. with MSD and LSD among children under 5 years in Manhiça District, a rural area of southern Mozambique. Its low detection rate in children without diarrhea and in cases of LSD confirms the high probability that whenever present, this pathogen causes a virulent disease, which could be explained in part by the low infectious dose of the bacterium (10-100 cells) . 21 While an association between Enterobacteriaceae and Giardia has been reported, 22 in this study we showed that the prevalence of Giardia was independent of Shigella by adjusted analysis. In addition, Giardia was more common in controls while Shigella was mostly isolated in cases. The proportion of cases presenting with Shigella was similar with those reported in our previous study 12 and in other African countries. 3, 23, 24 Overall, the detection rate of Shigella was high during rainy season, which is similar to other studies. 25 As expected, the classical signs/symptoms of Shigella-MSD were mostly of dysentery accompanied with fever or rectal prolapse. 8 Irritability or restless attitude was also an importance feature in infants. The observation that Shigella may also be associated with less severe cases is a matter of concern, because the disease is mostly considered severe and frequently associated with dysentery. These findings expand the spectrum of clinical features associated with Shigella infection and demonstrate the importance of active surveillance for disease prevention. Another explanation could be related to health-seeking behavior, meaning that mothers or child caretakers are looking for assistance earlier before the disease becomes severe, as demonstrated in our community study about health care utilization and attitudes in cases of MSD. 26 The finding that children who received antibiotic treatment was associated with a good outcome at the discharge, reinforcing the importance of antibiotic therapy for the management of shigellosis. Similar reports have shown that, with an effective antibiotic therapy, clinical improvement occurs within 48 hours, 27 resulting in a decreased risk of serious complications and death, shorter duration of symptoms, the elimination of Shigella from the stool, and subsequently decreased infection transmission.
MSD caused by Shigella was associated with a high OR compared to other significant pathogens in adjusted analysis, which may suggest its high pathogenicity as observed by the low detection rate in healthy children compared to other significant pathogens. In accordance with previous reports, 
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Vubil et al we found a low risk of Shigella-associated diarrhea in infancy and a steady increase through the second year of life. One likely explanation is that the partial or exclusive breastfeeding, which was present in 97% of infants (<12 months) of age and in 61% of children under 2 years in our study, neutralized the infectious inoculum and prevented disease. The strong association between MSD caused by Shigella and children over 2 years of age has been attributed to a decreased exposure to breast milk and an increased exposure to sources of Shigella infection such as hands contact in the environment as children become more active. 29, 30 In addition, the benefits of human milk for infant health have been recognized as an important source of bacteria that may contribute to neonatal gastrointestinal colonization leading to immune response development and possible infection prevention. Thus, the microbiota of breast-fed infants is considered the gold standard in terms of a healthy infant gastrointestinal microbiota. 31 In addition, as children wean, they are exposed to an increased array of food and water that could serve as sources of Shigella, thus increasing the probability of getting infected. 32 Therefore, this study also sought to quantify the effects of several socioeconomic indicators on the relative increased risk for acquiring Shigella in children presenting MSD. Overall, the role of the assessed risk factors for Shigella-MSD was age-related, possibly due to differences in the degree of exposure of the studied population. The presence of broader protective factors for diarrhea caused by Shigella in the present study could be attributed to an improved health-seeking behavior among the cases and improvement in accessibility of health services over the years. The population leaving in Manhiça district is under monitoring through HDSS since 1996, and is thus exposed to several interventions that contribute to health education that may influence the health-seeking behavior. This may explain why socioeconomic characteristics such as formal education were less relevant in the present study. Considering these variations, the importance of children primary caretaker (mother), giving stored water to child, water availability (not always per day), and washing hands before preparing baby's food in preventing diarrhea caused by Shigella is highlighted. The importance of hand-washing practices in preventing diarrheal illness is supported by a number of studies. 33, 34 A systematic review of several studies estimated that appropriate hand washing with soap could reduce the risks of severe intestinal infections and shigellosis up to 48% and 59%, respectively. 34 The fact that stored water consumption was protective for Shigella infection leads us to believe that the hygienic conditions for water transportation and the containers where the water is stored are adequate or properly cleaned, because water contamination can occur at any stage from the source to the point of use. Conversely, unavailability of water throughout the day was protective for Shigella infection and may reflect the rational use of scarce water at the household level, or be linked to the hypothesis that the lack of water can interrupt the chain of transmission of some waterborne transmitted enteropathogens like Shigella as families are less exposed due to the limited amount of water that they have. The prevalence of malnutrition in both Shigella-associated MSD and in non-Shigella MSD highlights the vicious cycle of malnutrition and diarrhea. While malnutrition makes children more vulnerable to diarrheal infections due to its negative effect on the barrier protection leading to deterioration of the immune system, chronic infections can contribute to long-term gut damage and preventing nutrient absorption. 
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Conclusion
Shigella is a significant pathogen associated with MSD in Mozambican children from 1 to 5 years. The presence of cases of LSD caused by Shigella is a matter of concern and may suggest the need to expand the clinical feature of the disease. The presence of dysentery remains an important clinical feature of Shigella-associated diarrhea. The study reinforces the recommendations from the WHO on the use of antibiotic treatment for the management of shigellosis while vaccines to prevent disease are not available. As demonstrated in this study, promoting awareness of good personal hygiene and a safe water storage is of great importance in prevention and control of the disease. Moreover, continuous surveillance studies are needed to track changes over time.
